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Abstract. We present proper motions of 72 T Tauri stars 
located in the central region of Taurus- Auriga (Tau- 
Aur). These proper motions are taken from a new proper 
motion catalogue called STARNET. Our sample com- 
prises 17 classical T Tauri stars (CTTS) and 55 weak-line 
T Tauri stars (WTTS), most of the latter discovered by 
ROSAT. 53 stars had no proper motion measurement be- 
fore. 

Kinematically, 62 of these stars are members of the 
association. A velocity dispersion of less than 2-3 km s^ 1 
is found which is dominated by the errors of the proper 
motions. This velocity dispersion correlates with a spread 
in distances. 

Furthermore we present proper motions of 58 stars lo- 
cated in a region just south of the Taurus molecular clouds 
and compare the kinematics of the youngest stars in this 
sample (younger than 3.5 ■ 10 7 yrs) with the kinematics of 
the pre-main sequence stars (PMS) in the Taurus- Auriga 
association. From a comparison of the space velocities we 
find that the stars in the central region of Tau-Aur are 
kinematically different from the stars in the southern part. 

Among the stars with large proper motions far off the 
Taurus mean motion we find 2 Pleiades candidates and 
7 possible Pleiades runaway stars. 

Key words: Stars: kinematics - Stars: formation - Stars: 
pre-main sequence - Stars: late-type - Astrometry 



1. Introduction 

The T-association Taurus- Auriga (Tau-Aur) is a large star 
forming region with several hundreds of pre-main sequence 
stars (PMS) known. Rs distance of only about 140 pc 
(Elias 1978, Kenyon et al. 1994) makes it an ideal object 
for studying the properties of the cloud resulting from 
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ongoing star formation, e.g. its stellar content, age, distri- 
bution and motion of the stars and so on. 

Before the launch of ROSAT about 150 T Tauri 
stars which are associated with Taurus- Auriga have been 
known, most of them classical T Tauri stars (CTTS). The 
ROSAT All-Sky Survey (RASS) and some deep ROSAT 
pointings have revealed so far 4 new CTTS and 82 weak- 
line T Tauri stars (WTTS) in the central region of Taurus- 
Auriga, between A h and 5^ in right ascension and +15° 
and +34° in declination (Wichmann et al. 1996, Strom & 
Strom 1994, Carkner et al. 1996). Both CTTS and WTTS 
show the characteristic strong Lil A 6708 A absorption 
line, but in contrast to CTTS, WTTS are stronger X-ray- 
cmitters (Neuhauser et al. 1995a) and so easier to detect 
by ROSAT. WTTS however lack the strong Ha emission, 
Can emission and IR-excess of the CTTS, most of which 
were discovered by objective prism surveys. 

In addition to these new TTS discovered in the central 
region of Taurus- Auriga pre-main sequence stars have also 
been found in a large area south of the Taurus- Auriga 
dark clouds (Neuhauser et al. 1995b, Magazzu et al. 1997, 
Neuhauser et al. 1997). 

Proper motions of all these stars are required to kine- 
matically investigate their membership to the association 
and to address the question whether it is possible that the 
stars outside the commonly adopted boundaries of Taurus- 
Auriga (based on CO surveys (Ungerechts & Thaddeus 
1987) ) have formed near the centre of the region or rather 
near their present locations. Until now proper motions 
have been known only for about 70 mostly classical T 
Tauri stars in selected areas inside the large region (Jones 
& Herbig 1979, Walter et al. 1987, Hartmann et al. 1991, 
Gomez et al. 1992). 

2. Data 

To cover the whole region a deep all-sky catalogue of 
proper motions is required. The proper motions we present 
in the following sections are taken from STARNET (Roser 
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Table 1. STARNET proper motions for 34 stars which were known to be of PMS nature before ROSAT. In the second column 
references for previous measured proper motions are given: (1) Jones & Herbig 1979, (2) Walter et al. 1987, (3) Hartmann et al. 
1991, (4) Gomez et al. 1992. The last column indicates whether it is a classical (c) or a weak-line (w) T Tauri star. Note that the 
values for SAO 76411 A are quoted from the PPM as there is no corresponding entry in STARNET. Remarks after the name 
of a star refer to stars not regarded as members of the Tau-Aur association and discussed separately in Sect. ^ ( < - p ' Pleiades 
candidates, ' h - ) other high proper motion stars). 
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1996), which is a large proper motion catalogue well suited 
for our purposes. It contains about 4.3 million stars (most 
stars down to V=11.5mag and some even fainter) with 
proper motions derived from plates with nearly 100 years 
epoch difference (Astrographic Catalogue (AC) and HST 
Guide Star Catalogue (GSC 1.2, Roser et al. 1996)). The 
average accuracy of the proper motions is about 5 mas/y, 
which corresponds to an error of about 3kms _1 at the 
distance of Tau-Aur. 



For brighter stars the PPM catalogue is a suitable 
source of proper motions. It contains some 400 000 stars 
down to about V=10.0 mag. On the northern hemisphere 
the measurements used in PPM have a smaller epoch dif- 
ference than GSC and AC used for STARNET, but PPM 
contains more observations per star. In general, we took 
the proper motions from STARNET except in the fol- 
lowing two cases: (1) There was no entry in STARNET, 
maybe because the star was too bright for the GSC or for 
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Table 2. All new ROSAT-discovered PMS stars (all WTTS) in the central region of Tau-Aur which we could identify in 
STARNET. The entries quoted for HD 283798 are from the PPM as the proper motions from PPM and STARNET deviate 
significantly for this star, probably due to a misidentification. Because BD +17 724 B is not present in STARNET we added its 
proper motion from the PPM. Remarks after the name of a star refer to stars with proper motions investigated in Table 0. 
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any other reason. In our sample this was only the case for 
SAO 76411 A, BD+17 724 B and BD+12 511. (2) The 
proper motions from STARNET and PPM deviated signif- 
icantly from each other. This happened for the stars HD 
283798 and BD +07 582(B), for which STARNET gives 
very high proper motions. We assume that this is due to 
a wrong identification of the star on the plates. This is a 



consequence of the very large epoch difference, which on 
the one hand reduces errors in the proper motions, but 
on the other hand makes the identification of high proper 
motion stars more difficult and sometimes erroneous. In 
these cases, PPM is the more reliable source, as it con- 
tains more observations per star. Stars with large proper 
motions are discussed in Sect. in more detail. 
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Table 3. STARNET proper motions for stars not older than 3.5 • 10 7 yrs, 10 s yrs old stars and stars older than 10 s yrs in a 
region located somewhat south of the Taurus molecular clouds. The entries for the stars BD +07 582 and BD +07 582 B are 
from PPM as there is only one entry in STARNET for both components with a quite different proper motion. Remarks after a 
star's name refer again to stars discussed in Sect. 0. 
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RXJ 0434.3+0226 


86 


318 


4 


34 


19.50 


+ 2 


26 25. 7 


13.01 


3 


-25 


4.6 


4.6 


BD +08 742 


682 


674 


4 


42 


32.14 


+ 9 


6 1.4 


10.86 


36 


-20 


6.6 


6.6 


RXJ 0450.0+0151 


84 


743 


4 


50 


4.69 


+ 1 


50 42. 7 


12.15 


11 


-12 


4.1 


4.1 


RXJ 0511.9+1112 


702 


1689 


5 


12 


0.29 


+11 


12 19. 5 


11.38 


2 


-5 


3.6 


3.6 


RXJ 0512.0+1020 


702 


2533 


5 


12 


3.19 


+10 


20 6.7 


11.32 


1 


6 


3.6 


3.6 


« 10 8 yrs old stars 


RXJ 0219.7-1026 


5282 


2210 


2' 


l 19 m 47?39 


-10°25 / 40'.'7 


11.60 


15 


-2 


3.7 


3.7 


HD 15526 (h) 


5284 


686 


2 


29 


35.07 


-12 


24 9.0 


10.32 


48 


-13 


3.8 


3.8 


RXJ 0329.1+0118 


57 


485 


3 


29 


8.06 


+ 1 


18 5.5 


10.90 


4 


-6 


2.9 


2.9 


RXJ 0339.6+0624 


70 


1148 


3 


39 


40.56 


+ 6 


24 43. 5 


11.70 


-3 


-6 


5.5 


5.5 


RXJ 0343.6+1039 


660 


825 


3 


43 


40.49 


+10 


39 13. 7 


10.21 


-8 


-32 


3.8 


3.8 


BD+11 533 w 


661 


452 


3 


52 


24.76 


+12 


22 43. 2 


9.65 


5 


-25 


4.4 


4.4 


BD+07 582 w 


147110 


4 





9.32 


+8 


18 13. 7 


10.70 


-10 


-36 


4.6 


4.6 


RXJ 0404.4+0519 


79 


810 


4 


4 


28.48 


+ 5 


18 43. 


11.18 


10 


-11 


3.0 


3.0 


HD 286556 


674 


504 


4 


9 


51.55 


+12 


9 1.9 


12.02 


4 


-28 


4.2 


4.2 


RXJ 0423.5+0955 


672 


1156 


4 


23 


30.22 


+ 9 


54 29. 3 


11.64 


-15 


-14 


5.3 


5.3 


HD 286753 


676 


1123 


4 


25 


35.33 


+12 


9 59.4 


10.40 


30 


-23 


3.4 


3.4 


RXJ 0442.9+0400 


91 


702 


4 


42 


54.72 


+ 4 


11.6 


11.13 


13 


-17 


3.6 


3.6 


stars older than 10 s yrs 


RXJ 0210.4-1308 SW (h) 


5283 


1690 


2' 


l 10" 


'25f82 


-13° 7'56'/6 


10.48 


55 


-24 


4.0 


4.0 


RXJ 0212.3-1330 (h) 


5283 


876 


2 


12 


18.73 


-13 


30 42. 4 


11.41 


163 


-81 


4.1 


4.1 


RXJ 0218.6-1004 


5282 


68 


2 


18 


39.56 


-10 


4 6.0 


11.75 


18 


-16 


4.4 


4.4 


RXJ 0239.1-1028 (h) 


5288 


1027 


2 


39 


8.77 


-10 


27 46. 4 


13.21 


-8 


-95 


5.0 


5.0 


RXJ 0248.3-1117 


5289 


1010 


2 


48 


22.21 


-11 


17 12. 4 


12.02 


14 


-10 


3.8 


3.8 


RXJ 0309.1+0324 


58 


166 


3 


9 


9.89 


+ 3 


23 44. 


10.39 


31 


-9 


3.5 


3.4 


RXJ 0317.9+0231 


59 


24 


3 


17 


59.16 


+ 2 


30 12. 


10.73 


-15 


-61 


4.2 


4.2 


RXJ 0330.7+0306 N (h) 


67 


206 


3 


30 


43.48 


+ 3 


5 46.9 


11.18 


33 


-85 


3.9 


3.9 


RXJ 0336.0+0846 (h) 


657 


726 


3 


36 


0.28 


+ 8 


45 36. 7 


12.35 


1 


26 


7.4 


7.4 


BD+12 511 


119389 


3 


49 


27.76 


+12 


54 43. 8 


9.60 


-42 


45 


4.0 


3.9 



classification is doubtful (Neuhauser et al. 1997), these stars may either be ZAMS or PMS stars 
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Table 3. (continued) 



object 


GSC No./ 
PPM No. 




RA 

(Q200o) 


DEC 

(52000 ) 




m v 
[mag] 


Ha 

[mas 




cos S 

[mas 


afig 

M 


stars older than 10 8 yrs 


RXJ 0402.5+0552 


79 


729 


a} 

4' 


1 2 m 35?71 


+ 5°51' 


'3675 


10.80 


33 


41 


3.3 


3.3 


RXJ 0405.5+0324 


76 


713 


4 


5 


30.24 


+ 3 


23 


50. 


1 


11.49 


8 


-5 


4.4 


4.4 


RXJ 0418.6+0143 


74 


1029 


4 


18 


39.24 


+ 1 


42 


9. 


6 


12.34 


-14 


-39 


4.2 


4.2 


RXJ 0426.4+0957W 


672 


1133 


4 


26 


26.79 


+ 9 


56 


59. 


8 


11.47 


15 


13 


5.3 


5.3 




i 






or? 


53.09 


+ U 


49 


o r 
2,0. 


() 


Q fid 


O i 


Q 

-o 


'i 3 
o.o 


'i 'i 
o . o 


KXJ 0429.9+0155 


75 


1 


4 


29 


56.87 


+ 1 


54 


47. 


3 


10.48 


-3 


-5 


3.7 


3.7 


RXJ 0435.5+0455 


90 


936 


4 


35 


31.55 


+ 4 


55 


32. 


3 


9.91 


-12 


5 


3.0 


3.0 


BD +05 706 


91 


830 


4 


41 


57.70 


+ 5 


36 


34. 


5 


9.62 


5 


-1 


3.9 


3.9 


RXJ 0442.3+0118 


83 


788 


4 


42 


18.59 


+ 1 


17 


39. 


6 


11.79 


-3 


-29 


3.3 


3.3 


RXJ 0442.6+1018 


686 


1246 


4 


42 


40.87 


+ 10 


17 


44. 


3 


8.25 


33 


-33 


5.2 


5.2 


HD 287017 (p) 


687 


419 


4 


44 


20.44 


+ 9 


41 


3. 


3 


8.86 


52 


-73 


5.1 


5.1 


RXJ 0445.3+0914 


683 


282 


4 


45 


23.81 


+ 9 


13 


48. 


6 


11.75 


-1 


-7 


4.6 


4.6 


RXJ 0448.0+0738 (p) 


683 


661 


4 


48 


0.89 


+ 7 


37 


56. 


2 


11.15 


25 


-59 


4.2 


4.2 


RXJ 0515.3+1221 


707 


1311 


5 


15 


20.57 


+ 12 


21 


13. 


5 


11.59 


24 


-31 


4.5 


4.5 


RXJ 0523.5+1005 


704 


2521 


5 


23 


33.72 


+ 10 


4 


29. 


2 


11.23 


-4 


-33 


4.4 


4.4 


RXJ 0523.9+1101 (h) 


704 


2073 


5 


23 


57.05 


+ 11 





55. 


7 


10.83 


2 


-115 


3.4 


3.4 


RXJ 0528.4+1213 


708 


2137 


5 


28 


25.70 


+ 12 


12 


36. 


1 


11.50 


-6 


-2 


4.4 


4.4 


RXJ 0530.9+1227 


709 


1637 


5 


30 


57.20 


+ 12 


27 


26. 


4 


10.69 


6 


-24 


5.4 


5.4 



The positions in all tables are valid for equinox and 
epoch J2000.0. Note that the mean errors in fi a are multi- 
plied by cos S (whereas the proper motions themselves are 
not). 



2.1. Proper motions of PMS stars known prior to ROSAT 

In STARNET or in the PPM we could identify 34 PMS 
stars known prior to the ROSAT mission. Their proper 
motions are given in Table |l|. Of these, 15 stars had no 
proper motion measurement so far. Previous determina- 
tions of proper motions were performed in the surveys of 
Jones & Herbig (1979) (which was the most extensive one, 
including 80 suspected or confirmed T Tauri stars together 
with 241 stars possibly associated with Tau-Aur) and in 
the spatially more restricted surveys by Hartmann et al. 
(1991) and Gomez et al. (1992). These previous papers 
publish relative proper motions of stars on pairs of photo- 
graphic plates. This is not an obstacle to local kinematics. 
However, it prevents us from a comparison of the individ- 
ual accuracy in these previous papers and in the present 
one, because the number of stars in common is so small. 



2.2. Proper motions of PMS stars discovered by ROSAT 



2.2.1. The central region of Tau-Aur 

ROSAT observations in a region including the centre 
of Tau-Aur in combination with optical follow-up spec- 
troscopy have revealed 4 new classical and 72 new weak- 
line T Tauri stars (Wichmann et al. 1996). Of these, 
38 stars (all WTTS) have proper motions either in STAR- 
NET or in the PPM which are given in Table ^. Additional 
pointed ROSAT observations led to the discovery of 8 con- 
firmed (Strom & Strom 1994), 2 likely and 5 possible TTS 
(Carkner et al. 1996), but none of them could be found in 
STARNET because they are too faint. 

2.2.2. Region south of Tau-Aur 

Recently Neuhauser et al. (1995b, 1997) and Magazzu et 
al. (1997) have studied a sample of 111 stars in a region 
located just south of the Taurus molecular clouds. The 
field boundaries were chosen by these authors in such a 
way that the Orion field (in the lower left in Fig. ||) was 
excluded. The strip in the lower right of Fig. |l|, which is 
perpendicular to the galactic plane, was included in order 
to search for a gradient in the space density of TTS as a 
function of distance from the Taurus clouds. 

Proper motions of 58 stars in the sample of these au- 
thors are available, 55 from STARNET, supplemented by 
3 from PPM. The data are given in Table |. Of these, 
18 stars are classified as very young stars with ages < 
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Fig. 1. Positions of the stars in Tables Stars of Ta- 
ble [i] (TTS known prior to ROSAT) are marked with triangles 
(CTTS filled, WTTS open), stars of Table | (WTTS studied by 
Wichmann et al. 1996) with filled hexagons and the youngest 
stars of Table ^| (stars studied by Neuhauser et al. 1995b, 1997 
and Magazzu et al. 1997) with open stars. 10 8 yrs old stars 
and stars older than 10 8 yrs of Table ^| are marked with cen- 
tered stars and crosses, respectively. A circle around a symbol 
indicates possible Pleiades members, see Sect. The regions 
studied by those authors are indicated, too. 

3.5 • 10 7 yrs (with lithium excess above Pleiades level), 12 
as stars with ages around w 10 8 yrs (with lithium, but 
no excess) and 28 stars as even older with ages > 10 8 yrs 
(without any detected lithium) by Neuhauser et al. (1997). 
The youngest stars with spectral types F or G are just 
reaching the main-sequence, whereas stars with spectral 
type K are pre-main sequence stars. 

3. Kinematics 

3.1. Velocity dispersion 

Positions and proper motions of the stars from Tables [l||3] 
are shown in Figs. [I] and ^. We exclude stars with proper 
motions clearly off the Taurus mean motion from the dis- 
cussion in this section; they are discussed separately in 
Sect. ^. Clustering of the remaining stars around the over- 
all mean values (fi a cos<5, us) = (4.0, —18.7) mas/y is vis- 
ible in the proper motion diagram, and we immediately 
note that there is a relatively large scatter around the 
mean motion. Also, there is a slight difference in mo- 
tion between the stars in the central region (Tables | 
and ||) with a mean proper motion of (2.4,-21.1) mas/y 
and those from the southern region (upper part of Ta- 
ble ||) with a mean of (10.1,-9.8) mas/y. The difference 



Fig. 2. Proper motions of all the stars in the centre (Tables [l| 
and ^) and of the youngest stars in the south (upper part of 
Table . The coding of the different stars is the same as in 
Fig. [j]. Note that the proper motion of LkCa 14 is too large to 
be shown in this diagram (it maybe wrong anyway, see Sect. W). 



in /i Q (ps) is significant with confidence level larger than 
95% (99.9%) in a f-test for distributions with different dis- 
persions. 

We first discuss the velocity dispersion inferred from 
the scatter in proper motions. The distance of the Tau- 
Aur clouds is determined to be 140 pc (Elias 1978, Kenyon 
et al. 1994). Recently Preibisch & Smith (1997) have de- 
termined a best fit distance of 152 ± 10 pc on the basis 
of rotational properties of 25 WTTS, in good agreement 
with previous determinations of the distance of the whole 
cloud. At a distance of 140 pc the scatter in proper mo- 
tion corresponds to a velocity dispersion in one coordinate 
of 6.5 km s -1 for the whole complex. Splitting the sample 
into stars in the central and the southern region, we find 
a velocity dispersion in the central part of Tau-Aur of 
5.4kms — 1 , while the stars in the southern region exhibit 
a velocity dispersion of 7.6 kms -1 . 

The mean error of the STARNET proper motions of 
5 mas/y (Roser 1996) corresponds to 3.3 km s -1 at a dis- 
tance of 140 pc. Subtracting this from the observed scatter 
we get an intrinsic scatter of 4.3 km s -1 for the stars in the 
central part and 6.8 km s -1 for the stars in the southern 
region. These values appear very large compared to previ- 
ous investigations. Jones & Herbig (1979) derive an overall 
intrinsic velocity dispersion of 3.2kms _1 and 2.2kms 
in their x- and y-direction (x essentially parallel to right 
ascension, y parallel to declination), respectively, but the 
region investigated by Jones & Herbig (1979) is smaller 
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Fig. 3. Space velocities for 26 TTS of Table [y with radial 
velocities available. In the upper panel space velocities are cal- 
culated assuming fixed distances of 140 pc for all stars, in the 
lower panel distances are adjusted so that the resulting space 
velocity for every star is as close as possible to the mean space 
velocity of the upper panel. U points in the direction of the 
galactic centre, V in the direction of galactic rotation and W 
towards the north galactic pole. The highest peak in the V 
velocities based on fitted distances is due to 11 stars. 



than our 'central region' which is roughly the same as in 
Wichmann et al. (1996). 

There is a significant difference in the determination 
of proper motions in Jones & Herbig (1979) and proper 
motions from STARNET. The region in Jones & Herbig 
(1979) is separated into subregions each corresponding to 
plate pairs. Proper motions are determined differentially 
from these plate pairs. This minimizes the effect of pro- 
jection of the space motions over large areas of the sky, 
which is inherent in our proper motions because they are 
absolute proper motions (on the system of FK5). 

The mean proper motion of /i T = 6.4mas/y and 
fiy — — 22.0mas/y given by Jones & Herbig (1979) is com- 
parable to our mean motion, indicating that the difference 
of the two astromctric systems is small. A thorough con- 
version of the proper motions between the Jones-Herbig 
system of relative proper motions and the FK5 system of 
STARNET proper motions is not possible because only 
few stars are in common. 

Jones & Herbig (1979) subdivided the complex into 
smaller subregions, as they had a fainter limiting magni- 
tude and a larger number of stars. Within these subgroups 
they determine the intrinsic velocity dispersion in the fol- 
lowing way. From the measured scatter of the proper mo- 
tions they subtract the scatter expected from the accuracy 
of their measurements. However, these two quantities are 
almost equal. So, they derive an upper limit of 1-2 km s -1 
in most of their subgroups. The size of our sample does 
not allow for a further subdivision. We can only study the 
velocity dispersion of the complex as a whole. A velocity 
dispersion of 5.4 km s -1 would disintegrate the Tau-Aur 



30 



100 150 200 250 300 



Fig. 4. Distance histogram for the stars shown in Fig. ^. Dis- 
tances are calculated requiring that the resulting space veloci- 
ties are close to the mean. The mean of the distances is 127 pc 
with a dispersion of 39 pc. 

complex in a time of the order 10 years, but typically 
smaller than the ages of the PMS stars. We suppose that 
a large part of the measured velocity dispersion can be 
attributed to the ad hoc assumption that all stars are sit- 
uated at a distance of 140 pc, and we discuss this in the 
next section. 

3.2. Space velocities 

As the stars of our sample populate a large region on the 
sky the influence on proper motions caused by projection 
effects has to be taken into account. It is necessary to con- 
sider the total space velocities for a discussion of the veloc- 
ity dispersion. In the literature (see Table 1 in Ncuhauser 
et al. 1995a for references) we found radial velocity mea- 
surements for 28 stars in the central area of Table 

Space velocities of 26 of these stars (omitting the 
2 stars with zero proper motion components) calculated 
under the assumption of a fixed distance of 140 pc for all 
stars are shown in Fig. |^ (upper panel). The corresponding 
velocity dispersions are o\j = 2.4kms~ 1 , ay = 4.8 kms -1 
and aw — 4.7 km s -1 . The low dispersion in U is caused 
mainly by the distance-independent radial velocities. The 
large dispersion in V and W cannot be explained by the 
mean errors of STARNET proper motions, and we suggest 
that it is (at least partly) due to the lack of knowledge of 
the true distances. 

We tested this hypothesis by varying the distance of 
each star in order to minimize the difference between the 
corresponding space velocity and the mean space veloc- 
ity of the complex at a fixed distance of 140 pc. By this, 
the dispersion in the velocity components is significantly 
reduced to 2.1 km s -1 , 3.3 km s -1 and 2.8 km s -1 (Fig. |[ 
lower panel). The resulting velocity dispersion is now al- 
most equal in all three components, an indication for 
the correctness of our hypothesis. A velocity dispersion 
of about 3kms _1 in one component is very close to the 
formal error of STARNET proper motions. This sets an 
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3.3. Relation of the southern stars to Taurus-Auriga 



14 - A /A CTTS/WTTS known prior to ROSAT 
• WTTS studied by Wichmann et al. 
16 - * youngest stars of the Neuhaeuser et al. sample 







I! 



G 



Fig. 5. Hertzsprung Russell diagram for the stars of Tables [j] 
and ^ and the youngest stars of Table ^ without the high 
proper motion stars discussed separately in section ||. Appar- 
ent ^-magnitudes are taken from GSC (typical errors 0.3 mag) 
without corrections for extinction. Spectral types are taken 
from SIMBAD for stars of Table [j] from Wichmann et al. 
(1996) for stars of Table ^ and from Magazzu et al. (1997) for 
the stars of Table ^. The ZAMS is calculated for a distances 
of 140 pc and 88 pc, respectively. Some pre-ROSAT CTTS and 
WTTS appear below the ZAMS because we did not correct for 
absorption. 



upper limit to the intrinsic velocity dispersion. This upper 
limit must be small compared to 3kms _1 in order to have 
no influence on the measured velocity dispersion. This re- 
sult is consistent with the result of Jones & Herbig (1979) 
for the smaller subgroups within their sample. 

The distances calculated in the manner described 
above are shown in Fig. ||. The mean of these distances 
is 127 pc, close to 140 pc. Furthermore our sample is bi- 
ased towards brighter stars, i. e. nearer and/or earlier type 
stars, so a slightly lower value than the distance to the 
whole cloud complex is expected for these stars. The dis- 
persion of the distances is 39 pc which is comparable to 
the extent of the association in the tangential plane of at 
least 20° or 49 pc at a distance of 140 pc. 

It is impossible to solve for the mean motion of the 
cluster and the distances of the stars simultaneously. Mi- 
nimizing the velocity dispersion always favours lower dis- 
tances and a lower mean cluster motion, so all these values 
would tend to zero. Minimizing only the relative disper- 
sion, normalized to the absolute value of the space velocity, 
yielded a velocity dispersion which was much lower than 
expected from the errors of the STARNET proper mo- 
tions and in turn an unbelievably high dispersion in the 
resulting distances. 

These kinematically determined individual distances of 
the stars are not to be taken too literally; for this the 
method is too coarse. However, the method yields a gen- 
eral tendency for the distribution of the radial distances 
of the TTS in Taurus- Auriga. 



We discuss different scenarios for the origin of the 
youngest stars in the southern region and their possible 
relation to the Taurus molecular clouds. 

(a) First we assume that the young stars in the south- 
ern region belong to the Taurus- Auriga complex and share 
the same mean space motion. Because of their different 
proper motions the southern stars cannot fulfill the re- 
quirement of the same space motion if they are at a dis- 
tance of 140 pc. Varying their distances as described above 
(with a solution in the distance interval between 50 pc and 
300 pc for only 11 out of 16 stars), we find that they would 
be located at lower distances than the stars in the central 
area with a mean distance of 88 pc. This however leads to 
a conflict in the HR diagram (Fig. ||) : Nearly all the stars 
in the south would lie below the main sequence for 88 pc 
which is in contradiction to their zero-age main sequence 
or even pre-main sequence nature. The velocity disper- 
sions calculated with these distances are ajj = 4.7kms~ 1 , 
ay = 2.6kms~ 1 and aw — 3.7kms _1 . The dispersions 
in V and W are close to the values derived for the stars 
in the central region, but the dispersion in U (which is 
more or less independent of the distances) is higher than 
expected for members of a common star forming region. 

(b) If we assume that the stars are located at compa- 
rable distances to the Taurus- Auriga association of about 
140 pc, this would make their location in the HR diagram 
comparable to the Taurus member stars. Kinematically 
they would not be related to the Taurus clouds, but the 
two complexes would rather approach each other with a 
relative velocity of rj 9kms -1 and were adjacent to each 
other now only by chance. It might be possible that the 
Taurus clouds originated in a high- velocity cloud impact, 
so that the Taurus clouds oscillate around the galactic 
plane. During the last passage through the plane, the stars 
were separated (combing-out) from the Taurus clouds, and 
now move ahead and already begin to fall back to the 
plane. Alternatively, all the young stars south of Taurus 
may just be Gould's belt members with typical ages of 
3-5T0 7 yrs; see Neuhauser et al. (1997) for a discussion. 

(c) If the stars were more distant than 140 pc the HR 
diagram would constrain them to be really very young 
pre-main sequence stars. At the same time they would 
show a velcocity dispersion higher than expected for a 
group of very young stars, and likewise very high X-ray 
luminosities. In the tangential plane the two complexes 
would pass more or less closely depending on the distance 
difference. 

Neither of the above scenarios is completely convinc- 
ing. Maybe the stars in the southern area do not have a 
common origin and are not located at approximately sim- 
ilar distances. Briceno et al. (1997) suggest that the pop- 
ulation discoverd by ROSAT south of the Taurus clouds 
is not made up of pre-main sequence but rather main- 
sequence stars for which we do not expect that they share 
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a common kinematic behaviour. On the other hand only 
a small fraction of the youngest stars in Table || are really 
PMS stars; about half of the PMS stars in Neuhauser et al. 
(1997) are too faint for STARNET. None of the younger 
stars appear to be ejected from the northern Tau-Aur re- 
gion. It should be kept in mind, however, that dynamically 
ejection mechanisms favour low-mass escapers (Sterzik & 
Duriscn 1995). These stars are absent in this magnitude 
limited subsample. 

Our kinematical findings indicate most probable that 
the PMS stars in the southern extension move towards the 
central Tau-Aur region. This implies a larger separation of 
the two complexes in the past. From the kinematical point 
of view a common star formation process seems therefore 
excluded. The larger ages of the southern stars support 
our conclusion that star formation in the two complexes 
must have been triggered by different events. 

4. High proper motion stars in STARNET 

4-1. Verification of high proper motions 

Prior to the physical interpretation of the large proper mo- 
tions of a number of stars, these proper motions have to be 
carefully investigated. As mentioned, STARNET proper 
motions are derived from AC and GSC. For a certain num- 
ber of stars in STARNET misidentifications of their posi- 
tions on the AC and/or GSC plates can occur because 
of the large (« 80 years) epoch difference. We decided 
to cross-check large proper motions either by compari- 
son with the proper motion given in another catalogue, 
if available, or by testing the star's position on the plates 
of a third epoch. This is by no means an easy task, be- 
cause accurate astrometric data in this magnitude range 
are rare. 

Table ^ summarizes the stars with large proper mo- 
tions from Tables [l], || and ||. The sample can be split into 
stars with proper motions close to the mean proper motion 
of the Pleiades cluster ([i a m 16mas/y, fig « — 44mas/y) 
and those with proper motions randomly far off the mean 
motion of Tau-Aur. The proper motions of 15 stars in 
Table ^ could be confirmed by comparison with their po- 
sitions on the digitized POSS I plates or by independent 
proper motion measurements. This is indicated by a V - 
sign. The digitized POSS I is well suited to check the er- 
roneously large proper motions because in this case there 
should be a large, easily detectable offset from the ex- 
pected position. This turned out to be the case for the 
6 remaining stars; their proper motions seem to be erro- 
neous in STARNET 



4-2. Pleiades membership 

In the proper motion plot (Fig. |^) we find a secondary 
crowding of stars with proper motions similar to that of 
the Pleiades. Indeed the star NTTS 034903+2431 is found 



Table 4. Stars with conspicuous proper motions in our inves- 
tigation. The last column indicates the result of the proper 
motion check via POSS I: a V -sign indicates that the proper 
motion could be confirmed, a ?-sign indicates a doubtful proper 
motion. 



object 



Tab. 



GSC No. / 
PPM No. 



[mas/y] 



Pleiades candidates 



NTTS 032641+2420 


1 


1802 


1190 


31 


-43 


•J 


NTTS 034903+2431 


1 


1804 


123 


27 


-51 




SAO 76411 A w 


1 


93187 


43 


-58 


y(2) 


RXJ 0407.9+1750 


2 


1254 


785 


18 


-49 


V 


RXJ 0409.2+2901 


2 


1826 


877 


39 


-37 


•/ 


HD 285579 


2 


1251 


201 


13 


-50 


V 


RXJ 0437.5+1851 


2 


1274 


1515 


16 


-52 


V 


RXJ 0439.4+3332A 


2 


2378 


1232 


30 


-40 


V 


RXJ 0448.0+0738 


3 


683 


661 


25 


-59 


? 


HD 287017 


3 


687 


419 


52 


-73 


v- <*) 


other high proper motion stars 


RXJ 0210.4-1308 SW 


3 


5283 


1690 


55 


-24 


V 


RXJ 0212.3-1330 


3 


5283 


876 


163 


-81 


y (2) 


HD 15526 


3 


5284 


686 


48 


-13 


V 


RXJ 0239.1-1028 


3 


5288 


1027 


-8 


-95 


V 


RXJ 0317.9+0231 


3 


59 


24 


-15 


-61 


? 


RXJ 0330.7+0306 N 


3 


67 


206 


33 


-85 


? 


RXJ 0336.0+0846 


3 


657 


726 


1 


26 


•/ 


RXJ 0403.4+1725 


2 


1254 


309 


-66 


-15 


? 


BD +00 760 


3 


75 


1529 


57 


-8 




LkCa 14 


1 


1834 


177 


-161 


97 


? 


RXJ 0523.9+1101 


3 


704 


2073 


2 


-115 


? 



classified as non-member by van Leeuwen et al. (1986) 
checked by comparision with Schilbach et al. (1995) 
™ proper motion from PPM / checked in PPM 



to match both photometric and proper motion member- 
ship criteria of the Pleiades cluster by Schilbach et al. 
(1995, their star No. 36000) and classified as highly prob- 
able Pleiades member. SAO 76411 A, on the other hand, 
corresponds to the star Pels 178, which was included in 
the photometric investigation of the Pleiades cluster by 
van Leeuwen et al. (1986) and classified as non- member. 

Figure ^ shows the distribution on the sky of the stars 
from the upper part of Table ^ with the exception of 
SAO 76411 A. The direction to the centre of the Pleiades 
cluster is indicated by a filled circle. The arrows show the 
proper motions of the stars from Table ^ relative to the 
mean motion of the Pleiades in PPM and STARNET. Two 
stars close to the centre of the Pleiades have small motions 
relative to the Pleiades cluster; one of them is the star 
classified as highly probable proper motion member by 
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Fig. 6. Position of the Pleiades member stars and direc- 
tion of their proper motions relative to the cluster mean 
(/x a = 16mas/y, [is — — 44mas/y). The filled circle indicates 
the centre of the Pleiades cluster at about a = 3^8, 8 — 24?0 . 
The scale for the length of the arrows is indicated in the lower 
right corner of the plot. 



Schilbach et al. (1995). Three stars about 10° away from 
the Pleiades centre show no relative motion and should 
be checked further photometrically for membership. Fi- 
nally, the stars RXJ 0409.2+2901, RXJ 0439.4+3332A, 
RXJ 0448.0+0738 and HD 287017 could have been ejected 
from the Pleiades a few million years ago. This is consis- 
tent with the findings of Kroupa (1995), who expects from 
the result of numerical N-body simulations of star clusters 
that during the lifetime of a cluster a certain fraction of 
stars can be ejected with velocites up to lOOkm/s due 
to close encounters between binary systems. The ejection 
rate is estimated to be higher in the earlier phases of clus- 
ter evolution. 



5. Summary and conclusion 

We have presented new proper motions taken from the 
STARNET catalogue of 62 stars in the central region of 
Taurus- Auriga whose kinematics is consistent with mem- 
bership to the association. These stars show a velocity 
dispersion small compared to 3kms , a limit which is 
given by the accuracy of the STARNET proper motions. 
This is consistent with the derivation of an upper limit for 
the velocity dispersion in subgroups of the Taurus- Auriga 
complex of about l-2kms _1 by Jones & Herbig (1979). 

Among the high proper motion stars in our sample 
we found 8 new Pleiades candidates or runaways (and re- 
identified 1 known before) . They are located up to m 20 



away from the centre of the Pleiades cluster, and their di- 
rections of motion are consistent with them being ejected 
from the cluster a few million years ago. 

Finally, all attempts to kinematically relate the re- 
cently detected PMS stars south of the Taurus-Auriga 
cloud to the central part of this association have failed. 
We do not find any young stars in our sample that appear 
to be ejected from the Taurus- Auriga association. We con- 
clude from this that the star formation scenario - at least 
for the G and early K type stars - in this southern area is 
different from the one in the central part. 
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